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PREFACE 
Concrete has a long journey that through flow the construction technology 
modernization. It transformed its use by engineers, architects, researchers, 
contractors, manufacturers and suppliers to raise the concrete in line with the 
globalization. A detail description of each chapter has been made as follows: 
 
Technology concrete is being well – know technologies in support of creative and 
effective development. Therefore, when considering the lifetime environmental 
impact of a building material; the extraction, production, operation, construction, 
demolition must have followed the latest technologies. A details description of each 
chapter has been made as follows: 
 
The Properties of Foam Concrete as Lightweight Concrete 
This chapter explained Foamed concrete as a lightweight concrete that can be 
exploited in civil engineering works. It is created by the mixture of foam agents in 
mortar to produce random air-voids that are mixed with the fresh concrete. This 
paper aims to review the properties of foam concrete because it can be used in a 
wide variety of application. The challenges for foam concrete are to enhance 
compressive strength while maintained low density and weight of the foam 
concrete. 
 
Strength of Hollow Section Filled with Foam Polypropylene Fibre 
Concrete 
This chapter deliberate past research that use hollow section filled with foam 
polypropylene fibre concrete. This review paper is to determine the strength and 
ductility of concrete filled hollow section. Composite column is formed based on 
combination of steel hollow section and concrete filled foam polypropylene fiber. 
Besides, with the used of foam polypropylene fiber, dead loads acting on the 
structure can be reduced and thus it proved to be lightweight concrete.  
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Lightweight Concrete Rubber 
In this chapter, the use of recycled materials as concrete ingredients is discussing 
because of environmental law increasingly stringent. The problem statement using 
rubber tires for reuse in concrete can benefit from more efficient use of rubber and 
beneficial to the environment and to reduce the cost of construction and it will be 
a new alternative to the current construction industry. 
                     
Study of Steel Fibre Reinforcement on Strength of Lightweight Concrete 
This chapter presents the use of lightweight concrete in structural concrete buildings. 
The load bearing structural members can be minimized and contributes into more 
economical of foundation. Previous study had shown that by using 1.2% steel fibre 
increased the tensile strength of the all-lightweight concrete more than twelve times. 
This chapter aims to identify the potential of adding steel fiber to enhance the 
strength of lightweight concrete. 
 
Using Recycle Plastic as a Lightweight Aggregate for Lightweight 
Concrete 
This chapter discuss an overviews on different type of research that has be 
conducted for the potential of mechanical properties of the lightweight concrete 
containing plastic waste. The material that has been selected is recycled plastic as 
replace material in concrete mixture. The effect of recycled plastic for the 
mechanical properties also presented in this chapter. 
 
Effect of Sintered Fly Ash Lightweight Concrete in Structural Concrete – 
An Overview 
This chapter focused on sintered fly ash aggregate to produce structural lightweight 
concrete. It discussed about the element parameters of the aggregate such as 
physical properties of fly ash as well as binders, the palletization parameters and its 
influence on the aggregate properties. This chapter also reviewed about the 
physical properties of the sintered fly ash aggregates. Thus, this chapter 
demonstrates that sintered fly ash aggregate concrete is one of the potential 
materials for the development of structural concrete. 
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Sheet Glass Powder (SGP) As a Sand Replacement in Concrete Mixture 
This chapter studied on the usage of glass powder in concrete. Glasses are one of 
the materials that can be used to replace sand. Recently, huge amount of sheet 
glass wastage goes to waste, which are not recycled and usually delivered to 
landfills for disposal. Using glass powder in concrete is an intriguing possibility for 
economy on waste disposal sites and conservation of natural resources.   
                  
The Effectiveness of Steel Slag for Aggregate Replacement in 
Concrete 
This chapter discussed the use of steel slag for aggregate replacement in concrete. 
The goal and purpose of this chapter to know the compressive strength of concrete 
and the workability of concrete in the cube to replace coarse aggregate with steel 
slag in the concrete mix. This chapter proved the suitability and workability properties 
of aggregate mixture with steel slag in the concrete mix that can be as a substitute 
aggregate in the concrete mix. 
 
Partial Replacement of Fine Aggregate by Crump Rubber in 
Lightweight Concrete 
In this chapter the use of crumb rubber as a partial replacement of fine aggregate 
in lightweight concrete is being discussed as tire waste was risk to health and 
environmental problem. This chapter summarizes, compare and draw general 
conclusion in term of properties of physical and mechanical of partial replacement 
of fine aggregate by crumb rubber in lightweight concrete. The physical properties 
in this chapter is specific gravity and density while mechanical properties are 
compressive strength and modulus of elasticity. 
 
A Review on Agricultural Waste in Concrete Material 
This chapter discuss the use on agricultural wastes in concrete material as 
lightweight. It aims to raise the concept about using these wastes through 
elaborating upon their engineering properties. This summary on existing expertise 
about the successful use of agricultural wastes between the concrete industry helps 
after discover other existing waste products for use in concrete making. From it 
identification by means of agricultural and civil engineers, considerable 
achievements can stay attained. 
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 Abstract  
Nowadays, the use of lightweight concrete in structural concrete buildings is 
preferred because it lowers the density of the concrete and decreases the 
weight of the building. Therefore, the load bearing structural members can 
be minimized and contributes into more economical of foundation. Steel 
fibres are selected as an additive to the concrete in favor of increase the 
energy absorption capacity and improve the tensile strength of concrete. 
Previous study had shown that by using 1.2% steel fibre increased the tensile 
strength of the all-lightweight concrete more than twelve times. The project 
aims to identify the potential of adding steel fiber to enhance the strength of 
lightweight concrete. The optimization study will be conducted in term of 
tensile strength, bearing strength and toughness of lightweight concrete. This 
research is expected to contribute the impact on the usage of steel fibre to 
increase strength of lightweight concrete although decreasing the weight of 
the building. 
 
 Keywords—steel fibre, strength, lightweight concrete 
 
1.0  INTRODUCTION 
Lightweight materials, such as lightweight aggregate concrete, can 
increase economic efficiency by reducing the self-weight and dimensions of 
the structure [1]. In addition, the use of artificial aggregates is becoming 
necessary because of the exhaustion of natural aggregates and 
environmental sustainability issues [2]. The fracture of lightweight concrete is 
characterized by cracks going through artificial aggregates, which makes it 
more brittle than normal concrete. Especially, lightweight concrete has 
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significantly lower fracture toughness and the tensile strength than normal 
concrete [3,4]. 
 The fiber addition into concrete is another method to enhance these 
engineering properties of concrete. The most beneficial enhancement is 
conducted on the flexural capacity, toughness, post-failure ductility and 
crack control [5]. Steel fibre is the most commonly used type among the 
various fibres for structural and non-structural purposes [6]. The economics, 
manufacturing facilities, reinforcing effects and resistance to environmental 
aggressiveness are the reasons for larger usage of steel fiber [7].  
 The steel fiber concentration, orientation and distribution as well as 
geometry influence the characteristics and performance of the concrete. 
For instance, when 1.2–1.5% fiber was added, the splitting tensile strengths of 
the all-lightweight concrete with steel fibre. [8]. It is reported that 
compressive strength increases with the increase of steel fibers content up 
to 1.5% volume fraction and decreases slightly at 2%, but still it is 12.9% higher 
than the compressive strength of concrete without fibers [9]. Zuccarello in 
2012 concluded that the addition of steel fibres to concrete increases its 
ductility, first crack strength and flexural strength while the compressive 
strength of concrete is less affected [10,11]. 
 
2.0  SPLITTING TENSILE STRESS 
The splitting tensile strength of lightweight concrete can be considerably 
lower (up to 30%) than that of ordinary concrete of the same compressive 
strength, which is generally assumed to be equal to zero in design 
considerable [14]. Depending on the different fibre volume fraction and 
aspect ratios, the splitting tensile strength increased from 4.95 to 8.8 MPa with 
rate 9-78% [12, 15]. In order to enhance the splitting tensile strength of steel 
fibre-reinforced in lightweight concrete, it is considered that the fibre volume 
fraction must be over 1~01% fraction [13].  
 Fig. 1 shows the relationship between splitting tensile strength and 
fibre volume fractions with aspect ratios. From the graph, it shows that the 
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splitting tensile strength increases linearly with the addition of fibres and is 
linear functions of the term V&/d, 
For steel fibre reinforced in lightweight concrete, test results show that the 
splitting tensile strength follows the relationship. 
 
f.vr = 0.94f, ( 1 - V,f)+3.02V,fZ,f/d,f               (1) 
 
where  
ft  = splitting tensile strength of high strength, lightweight concrete;   
fst  = splitting tensile strength of steel fiber-reinforced, high strength,  
    lightweight concrete. eqn 2 gives an approximation for the tensile 
    strength of high strength, lightweight concrete at Vf = 0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Effect of V&/C& on splitting tensile strength. 
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3.0  COMPRESSIVE STRENGTH 
Fig. 2 shows the relationship between the compressive strength and steel 
fiber volume fraction and aspect ratio. It clearly shows that compressive 
strength increases with increasing fiber volume fraction and aspect ratio. The 
ultimate strength of concrete is mainly controlled by the strength of the 
lightweight coarse aggregate itself. Under uniaxial compressive, vertical 
compressive strain and transverse tensile strain occurred in concrete 
compressive strength test specimens, and the concrete deformation 
continuously increased with increasing in load [16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Effect of Vf and 1,/d, on compressive strength. 
 
The addition of steel fibre into matrix serves to increase the ultimate 
compressive strength by the resultant arresting growth of cracks based on 
the bond of steel fibre and cement paste. In the test, it was found that the 
dispersion of fiber became very difficult, when the fiber volume fraction was 
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further increased to 2.5%, and for this reason, concrete was not fully 
compacted. Concrete compressive strength increased with increasing 
aspect ratio of the fiber, as previously recounted [17].  
 
 
Fig. 3: Variation in compressive strength of concrete. 
 
This behavior of tested samples is graphically presented in Fig. 3. R2 value of 
0.94 indicates good relationship between the fiber content and 28 days 
compressive strength of concrete.  
 The compressive strength of concrete without fibre addition is 67.8 
MPa, while with 1.25% steel fiber content it is 59.74 MPa. So there is almost 
12% reduction in compressive strength of concrete. The reason may be due 
to the increase of air content in concrete with increase of steel fibre content, 
reducing compressive strength slightly [10]. It is proposed that the larger the 
aspect ratio of steel fiber, the more effective crack arresting in the range of 
critical aspect ratio of steel fiber. For the type of lightweight aggregate, it is 
noted that the compressive strength only reaches a certain level of strength, 
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and the compressive strength does not benefit very much from a further 
improvement in matrix strength. 
 
4.0  DENSITY 
As seen from Fig. 4 it shows that the density was not affected by the aspect 
ratio of steel fiber. The fresh concrete density was mostly affected by fiber 
volume fraction. The relationship between the density and fiber volume 
follows the equation: - 
 
Dc=Dm (1-Vf )+Ds Vf                 (2) 
 
where, 
 
Dc = density of steel fiber reinforced 
Dm = density of high-strength, lightweight concrete 
Ds  = density of steel fiber 
 
Increasing the aspect ratio of steel fiber would create mixing problems and 
may result in concrete of a lower density for the same fiber volume fraction. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Effect of fiber volume fraction on density. 
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5.0  FLEXURAL STRENGTH 
As seen from Fig. 4 it shows that the density was not affected by the aspect 
When the fiber volume fraction increased from0 to 2%, flexural strength 
increased from 6.2 to 11.8 MPa. The rate of increase of flexural strength is 9.6 
to 90%, depending on the fiber volume fraction and aspect ratio [18]. The 
fracture process of steel fiber-reinforced concrete consists of progressive de-
bonding of fiber, during which slow crack propagation occurs. Final failure 
occurs due to unstable crack propagation when the fiber pulls out and the 
interfacial shear stress reach the ultimate bond strength.  
 The reason for the increase in flexural strength is that, after matrix 
cracking, fibers will carry the load that the concrete sustained until cracking 
by interfacial bond between fibers and matrix [19]. At higher aspect ratios, 
the advantage of fibers in increasing flexural strength of concrete seems to 
be more pronounced. Fig. 5 clearly demonstrates that flexural strength 
increased with fiber volume fraction and aspect ratio. The relationship 
between ultimate flexural strength and the term follows the equation. 
 
fsw=0.92fw (1-Vf )+4.19Vf lf/df               (3) 
 
Where, 
  
fsw = flexural strength of steel fiber-reinforced, high-strength, lightweight 
    concrete 
fw = flexural strength of high-strength, lightweight concrete.  
 
For steel fiber reinforced concrete, Swamy and Mangat have reported a 
similar relationship for the flexural strength of steel fiber-reinforced concrete, 
which is described by 
 
fsw=0.97fw (1-Vf )+3.41Vf lf/df                (4) 
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When equation 3 is compared to equation 4, it is found that the 
strengthening effect of steel fiber to lightweight concrete is larger than that 
of normal concrete. High-strength, lightweight concrete, because of the 
high inter-facial bond strength between the lightweight aggregate and 
mortar, fails because of cracks passing straight through the lightweight 
aggregate [20]. Fracture planes of specimens were smoother. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Effect of V&d, on flexural strength. 
 
6.0  MODULUS OF ELASTICITY (E) AND THE STRESS–STRAIN 
 RELATIONSHIP 
 
 
 
 
 
 
 
 
Fig. 6: The average stress–strain relationship for plain, polypropylene and steel fiber 
reinforced lightweight aggregate concrete. 
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Fig. 6 shows these relationships for the optimum mixes of the three concrete 
types that were tested. Each curve is the average of at least three cylindrical 
samples. Based on the value of the modulus of elasticity, steel fiber 
reinforced concrete shows to be lower than plain or polypropylene fiber 
reinforced concrete [4]. This may cause by incomplete compaction when 
steel fibres are involved. In addition, the lightweight plain concrete 
manifested a brittle failure with brief period of controllable strain.  
 Previous research [2] also state that the linearity of the stress–strain 
relationship of sintered fly ash aggregate concrete is observed. This linearity 
has led to the absence of microcracks at low load levels [26]. Lightweight 
aggregate concrete is expected to manifest a clearer monolithic behaviour 
than normal weight aggregate concrete. This is due to the lower modulus of 
elasticity of the aggregate, resulting in a smaller difference between its 
values. As result, failure in lightweight concrete is rapid because the 
aggregates do not act as crack arrestors as in normal weight concrete [17].  
 The sudden failure observed in high-strength concrete is also 
attributed to the reduced ability to redistribute the stresses in the matrix that 
has much fewer microcracks [12]. The use of fibers may prevent sudden 
failure because they function as initiators of microcracks that result in the 
absorption of energy. Steel fibres prevent the microcracks from joining and 
thus arrest the sudden loss of strength. 
 
5.0  MODULUS OF RUPTURE 
The effect of steel fibers resulted in an increase in the above value of 45% 
whereby polypropylene fibers on the modulus of rupture is less marked, on 
the average an increase of about 13% was measured [4]. In addition, major 
advantage of the steel fibres is the increase of tensile strain capacity of the 
concrete. This can result in a marked reduction of crack propagation due to 
thermal and shrinkage effects. The increase in the modulus of rupture value, 
on the addition of polypropylene and steel fibers, respectively, is plotted in 
Fig. 7. 
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Fig. 7: Effect of fiber reinforcement on the modulus of rupture value. 
 
8.0  FLEXURAL TOUGHNESS 
 
Table 1: Toughness indices 
 
 
 
 
 
 
 
 
 
 
Concrete Technology: Research and Applications Series 2 
 
11 
 
 
Toughness indices of different concrete after calculation are shown in Table 
1. It can be seen that toughness indices of three types of the concrete gm5, 
gm10 and gm30 increase when the steel fiber fraction Vf increase from 0.5% 
to 2.0%, increasing tendency of toughness indices of POSS-A concrete is 
more obvious than other two types of concrete with the increase of steel 
fiber fraction, it also can be seen from Table 1 that toughening effect of steel 
fiber on POSS-A concrete is best when steel fiber fraction Vf is 1.5%. 
Generally, to ensure good workability for fiber reinforced concrete, the use 
of low dosages of fibers is recommended [9]. The degree of decreasing 
workability depends on the type and content of the fibres used [11]; in fact, 
in our experiment, when steel fibre fraction Vf is over 1.5%, workability of 
mixture of steel fiber and fresh POSS-A concrete decrease. 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Autoclaved shell lightweight aggregate concrete. 
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(b) Sintering Aggregate Concrete 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Common concrete 
 
Fig. 8: Relationship of between load and deflection; (a) Autoclaved shell 
lightweight aggregate concrete (b) Sintering Aggregate Concrete (c) Common 
concrete 
 
Fig. 8 shows typical flexural load–deflection curves of three types of 
concrete. The curves presented in these figures are average of three test 
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results on identical mix specimens. It is observed that the deflection 
corresponds to ultimate load increase with the increase of fiber volume 
fraction, and the descending branch of the flexural load–deflection curves 
tends towards gently after maximum load for high steel fibre volume fraction 
[9]. It also can be seen from Fig. 7, a concrete with addition of 0.5% steel fibre 
fraction has the plastic characteristic. However, addition of 0.5% steel fiber 
fraction hardly has any influence on toughness of the sintering concrete and 
common concrete. By increasing the fiber volume fraction at a constant 
aspect ratio for lightweight aggregate concrete, the slope of the 
descending part of the stress–strain curve decreases. 
 
9.0 CONCLUSION  
The outcome of this study are the compressive strength of high strength, 
lightweight concrete was only slightly improved with the addition of steel 
fiber. Nevertheless, splitting tensile and flexural strength was largely 
improved, and the flexural and splitting tensile strength varied from 4.95 to 
8.8 MPa and from 6.2 to 11.8 MPa, respectively. The tensile/compressive 
strength ratio was clearly enhanced. These were attributed to the effect of 
the steel fibre arresting cracking. It is essential to recognize that strength and 
density are comprehensively taken into account in the mix design of steel 
fibre reinforced high-strength lightweight concrete. Therefore, the addition 
of steel fiber with l-1.5% volume fraction to high-strength light weight 
concrete is considerably effective in enhancing the strength and fracture 
toughness in practice. 
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